We evaluated the effect of pre-operative serratus anterior plane block on postoperative pain and opioid consumption after thoracoscopic surgery. We randomly allocated 89 participants to block with 30 ml ropivacaine 0.375% (n = 44), or no block without placebo or sham procedure (n = 45). We analysed results from 42 participants in each group. Serratus anterior plane block reduced mean (SD) remifentanil dose during surgery, 0.12 (0.06) mg.h 
Introduction
Recovery after thoracic surgery may be facilitated by thoracoscopic techniques and effective analgesia, often provided by thoracic epidural or paravertebral block [1] [2] [3] [4] .
However, analgesic techniques that are less difficult and have fewer severe complications may be more suitable for thoracoscopic surgery, including intravenous (i.v.) opioids, supplemented by regional methods that are easy to perform, such as the serratus anterior plane block [5, 6] .
Reduction in reliance on opioids may benefit patients in a number of ways [7] . Injection of a local anaesthetic in the serratus anterior plane could provide analgesia of the hemithorax by blocking the lateral cutaneous branches of the intercostal nerves, although it has not been studied extensively for thoracoscopic surgery [8] [9] [10] [11] [12] .
We aimed to test whether pre-operative serratus anterior plane block reduces fentanyl consumption and pain during the first 24 h after thoracoscopic surgery [13, 14] .
Methods
The Samsung Medical Centre review board approved this trial. All participants provided written informed consent. We studied ASA physical status 1 or 2 patients aged 20-80 years, scheduled for thoracoscopic segmentectomy or lobectomy. We did not study patients with serum creatinine
, history of drug abuse, chronic pain, psychological disorders or allergies to local anaesthetics or those with difficulty understanding the study protocol.
We randomly allocated participants in blocks of four to serratus anterior plane block, or no block, in a 1:1 ratio using a computer-generated sequence, with allocations sealed in opaque envelopes. An investigator opened the envelope the day before surgery and performed the serratus anterior plane block, if allocated, the next day in the pre-anaesthesia room before induction of anaesthesia. The surgeons, attending anaesthetist, outcome assessor and data analysts were not informed of the group assignment. participants to each group, assuming a 20% dropout rate.
We compared continuous variables with the t-test or
Mann-Whitney U-test, and categorical variables with the Chi-squared test or Fisher's exact test, as appropriate.
Multiple comparisons of opioid consumption at specific intervals were corrected with the Bonferroni method. The
Cochran-Armitage test was used for satisfaction score analysis. We used SPSS (ver. 24; SPSS Inc., Chicago, IL, USA).
Results
We analysed results from 84 out of 93 recruited participants ( Fig. 1 , p = 0.000004. The block also reduced the severity of postoperative pain (Table 2) . 
Discussion
Pre-operative serratus anterior plane block reduced pain and fentanyl consumption in the first 24 h after thoracoscopic pulmonary resection when compared with no block.
A few small studies have described the use of serratus anterior plane block for thoracic surgery [10, [15] [16] [17] [18] , with analgesia similar to an epidural but perhaps with less haemodynamic instability [19] . The serratus anterior block may be performed at superficial or deep planes [8, 9, 19] .
We chose deep injection as superficial plane injection may be unexpectedly difficult and might not result in spread of the anaesthetic [9, 19] . The superficial muscle is easily identified by ultrasound and the block can be performed by anaesthetists inexperienced in ultrasound-guided regional blockade.
Our patients required analgesics in addition to serratus anterior plane block: analgesia after thoracoscopic surgery and thoracotomy has to be multi-modal as pain is mediated through the cervical plexus and cranial nerves as well as intercostal nerves [20] [21] [22] . We performed blocks before surgery, which might be more effective in reducing acute and chronic pain than blocks performed after surgery: we are performing a follow-up study to compare the effects of serratus anterior plane blocks performed before surgery vs.
after surgery.
Our study had several limitations. We did not control the local anaesthetic block with placebo injectate or a sham procedure, increasing the risk of bias, including performance biases and assessment biases. The duration of surgery, the number of ports, incision size and their location varied by surgeon. We guided placement of the needle out of the ultrasound plane, because our patients experienced less discomfort as the needle path was shorter than with the in-plane needle technique. However, we think that the 'rib touch technique' provided a safety margin for the out-ofplane method. Patients still experienced pain worse than 5/ 10 after block, similar to the pain score with epidural analgesia [23] .
In conclusion, pre-operative serratus anterior plane block with ropivacaine can reduce fentanyl consumption in the first 24 h after thoracoscopic surgery compared with no block.
